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For processing of biomass are used different types of wood chippers and shredders adapted for heavy forestry and agricultural equipment. Since the wood chippers are periodically operating machines, they bring into the system adverse torsional vibration.
Successful control of torsional vibration can be achieved only in the case of a detailed analysis and calculation of the system in terms of torsional dynamics [1, 2, 12] . The test results indicate that the intended objective can be achieved only if, some members of the system parameters are appropriately adapted the dynamics of the system itself. This means that any torsionally oscillating mechanical system (TOMS) must be properly tuned in advance [3] .
Therefore, the aim of Article will be to present and confirm an appropriate choice of wood waste chipper drive located on the automobile chassis based on a detailed dynamic analysis of Campbell diagrams and amplitude-frequency characteristics. Based on the survey and subsequent analysis of the available commercial chippers wood waste up to power 60 m 3 /h, with representation in Slovakia, based on specified parameters was selected as the best alternative a mobile chipper HEM 360 Z, of a German producer JENZ ( Fig. 1 ) with technical parameters according to Tab.1. In terms of simplicity and reliability is best to implement power take off from the rear of the engine with the adapter from the axis of the internal combustion engine crankshaft.
representation of Variables and results sbra
Based on the advantages and disadvantages of various alternatives, as well as sampling of power take off, the more suitable alternative location of wood chipper is in front of the vehicle (Fig. 2) , with power take off from the rear of the engine.
Design alternatives of wood chipper drive A. power output from the engine, flexible connection and speed reduc-tion with V-belts (Fig. 3) .
The design is simple and constructionally easy. An advantage are the good damping properties of flex ible couplings Flender Elpex EST-S 290 and V-belts. Resulting that excessive load is of the system is damped. The big disadvantage is the high load force of bearings with additional radial forces from the belt tension. (Fig. 4) Design solution more expensive to the previous, but allows to transmit high torque without slipping, and for small angle of cardan shaft doesn't excessively load the bearings with additional radial forces.
By suitable stiffness of Flender flexible couplings type Elpex S-290 and EST ESNW 320 the torsionally oscillating mechanical system can be suitably tuned [1, 2, 5, 11, 12] . 
dynamic Model wood chipper drive system
In determining the dynamic drive system model of wood chipper we assume the wood chipper drive kinematic scheme (Fig. 5) , consisting of driving device presented by six-cylinder internal combustion engine (1), the transmission device (2) and driven device presented by wood waste chipper (3).
Reduction of the rotating parts of the mechanical system kinematic scheme (Fig. 5) we get a threemass dynamic model of the system (Fig. 6) Drive system dynamic model of the wood chipper is described by a system of differential equations (1, 2, 3):
while driving torque of six-cylinder internal combustion engine is characterized by equation (4) 
dynamic analysis Evaluation of the Wood chippers Mechanical system drive

Alternative designs of vehicle concept
When investigating a suitable tuning of any TOMS we use the Campbell diagram. It determines the critical speeds n K (eventually critical angular frequencies ω K ) at the intersection of natural speed frequency lines N (eventually natural angular frequencies X 0 ) with the lines of harmonic components beam load torque. Orthogonal projection of the intersections in the horizontal axis indicates the position of the critical speed of the system [3, 6, 7, 10] .
In general terms it can be stated that in the considered system are two of different exciters torsional oscillations, in the choice of working speed it is advantageous to as far as possible eliminate the dispersion of the major harmonic components. The result is a constant speed of crankshaft n m = .
. . , where the chipper reaches speed about n p = 1000min -1 . Both speed frequencies are in the range recommended by the manufacturer. From the dynamic point of view, the major harmonic components overlap in a small area, which practically reduces the number of critical speed in half, but with the effect that when they are reached the dynamic components of both torques are added together. On Fig. 7 is presented the result of tuning the wood waste chipper mechanical system drive in the case of a flexible belt drive connection with the application of a narrow V-belts. Critical speed of 3-rd harmonic component of engine and 4-th harmonic component of load are by the idle engine speed (n=approximately 580 to 600 min -1 ), which the system overcomes during start-up. In the place of operating mode n p =1000min -1 there is no intersection of natural speed frequencies with lines of load torque harmonic components. Based on that fact in terms of torsional vibration smooth running of chipper drive system can be concluded. Figure 8 describes the result of tuning the wood waste chipper drive mechanical system in the case of belt transmission flexible connection with the application of toothed belt. The resonance with the major harmonic components of engine torque excitation and load oc-curs in the speed area of approximately n =100 to 150 min -1 . The system overcomes this area in a very short time at its start-up. The resonance with the minor harmonic (9-th from the engine and 12-th from the load) occurs at a speed n = 1180 min -1 . This critical speeds in the dynamic terms are not as dangerous as the amplitude of the dynamic components because the torques are in this case quite low.
On Fig. 9 is presented the result of tuning the wood waste chipper mechanical system drive in the case of flexible connection of the gear reducer. The resonance with major harmonic components of engine and load torque excitation occurs in the idle speed range of engine (nV = 550min -1 ), which system overcomes at start-up of the device. Critical speed of the lower harmonics from the dynamic terms are not dangerous because they are in the start-up range of the system (n=100 ÷ 300min -1 ) while the amplitude of the harmonic components are relatively low.
Amplitude-Frequency Characteristics
Amplitude-frequency characteristics ( Fig. 10 and  11 ) are the result of the solution of differen-tial equations (1, 2 and 3). Figures 10 and 11 present and characterize the results of solution as amplitude-frequency characteristics represented by dynamic load torque amplitude curves in speed range [1, 3, 10] .
The diagrams shows that the torsional stiffness of all three variants of chipper drive moved the natural speed frequencies to low values and thus system will work in the overcritical range.
From the diagrams it is obvious that close to the operating speed system n P = 1000min -1 no undesired torsional vibration system and therefore is not loaded with large dynamic component of torque.
Although the impact of all alternatives on the coupling behind the engine are the same, in the case before the wood chippers it appears preferable the alternative using highly-flexible couplings and reduction gear to an alternative with belts, because under such conditions there is significantly lowest dynamic component of the load torque acting in the system. 
conclusion
The result of works solution is the conceptual design the wood waste chipper car body, whose main goal was drive perceived both from a dynamic and structural point of view. This work high-lights the importance of simplicity and also importance of applications of flexible shaft couplings in the design of drives with Torsional vibration because they are simple and reliable way to ensure appropriate system tuning, thereby ensuring a sufficiently long lifetime of the device. Therefore, in solving the problem has been selected as the most appropriate alternative the drive with flexible couplings and gear reducer, compared to belt drives shafts and bearings are not loaded by exces-sive radial forces.
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